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Abstract 
Extreme learning machines (ELM), as a learning tool, have gained popularity due to its unique 
characteristics and performance. However, the generalisation capability of ELM often depends on the 
nature of the dataset, particularly on whether uncertainty is present in the dataset or not. In order to reduce 
the effects of uncertainties in ELM prediction and improve its generalisation ability, this paper proposes a 
hybrid system through a combination of type-2 fuzzy logic systems (type-2 FLS) and ELM; thereafter the 
hybrid system was applied to model permeability of carbonate reservoir. Type-2 FLS has been chosen to 
be a precursor to ELM in order to better handle uncertainties existing in datasets beyond the capability of 
type-1 fuzzy logic systems. The type-2 FLS is used to first handle uncertainties in reservoir data so that its 
final output is then passed to the ELM for training and then final prediction is done using the unseen 
testing dataset. Comparative studies have been carried out to compare the performance of the proposed 
T2-ELM hybrid system with each of the constituent type-2 FLS and ELM, and also artificial neural 
network (ANN) and support Vector machines (SVM) using five different industrial reservoir data. 
Empirical results show that the proposed T2-ELM hybrid system outperformed each of type-2 FLS and 
ELM, as the two constituent models, in all cases, with the improvement made to the ELM performance 
far higher against that of type-2 FLS that had a closer performance to the hybrid since it is already noted 
for being able to model uncertainties. The proposed hybrid also outperformed ANN and SVM models 
considered. 
